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1. Introduction  
ZnO is one of the most studied materials of the II-VI oxide materials that derive continuous 
attention of the researchers worldwide since forties (Bunn 1935). Because of its current and 
possible applications in several novel devices, renewed interest has emerged and several 
reviews (Liu et al, 2005; Tsukazaki et al, 2005), and conference proceedings are published 
exclusively for ZnO nano crystallites similar systems at Singapore (2005), (2009) and 
Changchan, China (2006) to explore the feasibility of commercial application for future 
devices. Yet the ream of novel devices from this wonderful material is yet to be 
accomplished in full (Wellings, et al, 2008). With a wide band gap of 3.2 eV and a large 
exciton binding energy of 60 meV at room temperature, ZnO, line GaN, will be important 
for blue and ultraviolent optical devices. ZnO has several advantages over GaN in this 
applications range however, the most important being its longer exciton binding energy and 
the ability to grow single crystal substrates. Other favourable aspects of ZnO include its 
broad chemistry leading to many opportunities for wet chemical etching, low power 
threshold for optical pumping, radiation hardness and biocompatibility. Together, these 
properties of ZnO make it an ideal candidate for a variety of devices ranging from sensors 
through to ultra-violet laser devices and nanotechnology based devices such as displays. As 
fervent research into ZnO continues, difficulties such as the fabrication of p-type ZnO that 
have so far stated that the development of devices had over come (Yang etal, 2008). To give 
a quantitative report on the state of art of ZnO nanocrystals is quite difficult and an attempt 
has been made to survey the chemical growth of this system in this study. The chemical 
solution growth of ZnO nano thin films composed of nano crystallites using a two step 
double dip chemical deposition method has been discussed In detail in this chapter. The 
growth and characterization of nano structures of ZnO has been reported by Wang (Wang, 
2004).  
Mitra et al (1998) has prepared Zinc Oxide thin films using chemical deposition technique. 
The structural, morphological properties of the prepared films are characterized using X-ray 
diffraction and scanning electron microscope.  They have used Zn salts as precursor and 
successfully synthesized ZnO films. The growth of highly textured Zinc oxide (ZnO) thin 
films with a preferred (101) orientation has been prepared by employing chemical bath 
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deposition using a sodium zincate bath on glass substrates has been reported by 
(Ramamoorthy et al, 2004). The films were characterized by XRD, SEM, EDX, UV-Vis-NIR, 
FTIR and PL in order to justify the suitability for commercial device quality. (Natsume et al, 
2000) have studied the d.c electrical conductivity and optical properties of zinc oxide film 
prepared by a sol-gel spin coating technique. The temperature dependence of the 
conductivity indicated that electron transport in the conduction band was due to thermal 
execution of donor electrons for temperatures from 250 to 300 K. (Chapparro et al, 2003) 
have proposed the spontaneous growth of ZnO thin films from aqueous solutions. An 
electroless – chemical process is proposed, consisting in the formation of the super oxide 
radical (O2-) followed by chemical reaction of two O2- with Zn (NH3)42+ cations.  (Wellings et 
al, 2008) have deposited ZnO thin films from aqueous zinc nitrate solution at 80C onto 
fluorine doped tin oxide (FTO) coated glass substrates. Structural analysis, surface 
morphology, optical studies and electrical conductivity were studied and thickness of the 
ZnO films was found to be 0.40 m. (Walter Walter et al, 2007) have studied the 
characterization of strontium doped ZnO thin films on love wave filter applications. X-ray 
diffraction, scanning electron microscopy and atomic force microscopy studied the 
crystalline structure and surface morphology of films. The electrochemical coupling 
coefficient, dielectric constant, and temperature coefficient of frequency of filters were then 
determined using a network analyzer. (Vijayan et al, 2008, a, b) have reported the 
preparation conditions for undoped ZnO using double dip technique and used them for gas 
sensor applications. They have also reported the synthesis of Sr doped ZnO using double 
dip technique and used them for gas sensor applications. Recently (Chandramohan et al, 
2010) have synthesized Mg doped ZnO thin films using double dip chemical growth and 
reported the ferromagnetic properties of the films.  Tahir Saeed et al. (1995) have deposited 
thin films of mono phase crystalline hexagonal ZnO from solutions of zinc acetate in the 
presence of ethylenediamine and sodium hydroxide on to glass microscope studies. Two 
distinct morphologies of ZnO were observed by scanning electron microscopy. The 
deposited films were specular and adherent.  (Cheng et al 2006) have fabricated thin films 
transistors (TFTs) with active channel layers of zinc oxide using a low – temperature 
chemical bath deposition. Current voltage (I-V) properties measured through the gate reveal 
that the ZnO channel is n-type. (Sadrnezhaad et al 2006) have studied the effect of addition 
of Tiron as a surfactant on the microstructure of chemically deposited zinc oxide. Addition 
of tiron charges the surface morphology and causes to form the fine – grained structure. The 
obtained results indicate that increasing the number of dipping carves to progress the 
deposition process. (Piticescu, et al 2007) have studied the influence of the synthesis 
parameters on the chemical and microstructural characteristics of nanophases synthesized 
in the two methods. ‘Al’ doping tends to a lower material density and to a smaller gown 
size. Zhou et al (2007) have studied microstructure electrical and optical properties of 
aluminium doped zinc oxide films. The ZnO:Al thin films are transparent ( 90%) in near 
ultraviolet and visible region A. with the annealing temperature increasing from 300C to 
500C. The film was oriented more preferentially along the (002) direction, the grain size of 
the film increased, the transmittance also became higher and the electrical resistivity 
decreased. Joseph et al (2006) have reported the structural, electrical and optical properties 
of Al-doped ZnO thin films prepared by chemical spray deposition. XRD studies and SEM 
studies revealed that the film was polycrystalline in nature with (002) preferred 
concentration and smooth conditions have exhibited a resistivity of 2.45 x 10-4 m with an 
 
optical transmittance of 97% of 550 nm. Oral et al (2007) have studied microstructure and 
optical properties of monocrystalline ZnO and ZnO : Li /Al thin films. Crystallized films 
had a grain size under 50 nm and showed C-axis grain orientation. All films had a very 
smooth surface with RMS and surface roughness values between 0.23 and 0.35 nm. Peiro et 
al (2005) have reported microwave-activated chemical bath depositions of zinc oxide thin 
films. Scanning electron microscopic characterization suggested that both the shape of the 
crystals and the textures of the film were highly influenced by the chemical path 
composition. Composition of films grown on bone glass or fluorine – doped tin oxide (SnO2: 
F) showed that heterogeneous deposition was favoured on conducting substrates due to the 
localized heating.  Bulk ZnO is quite expensive and unavailable in large wafers. So, for the 
time being, thin films of ZnO are relatively a good choice. Usually, the doped ZnO films 
with optimum properties (perfect crystalline structure, good conducting properties, high 
transparency, high intensity of luminescence) are obtained when they are grown on heated 
substrates and annealed after deposition at high temperature in oxygen atmosphere (Peiro 
et al, 2005 Lokhande et al, 2000; Srinivasan et al, 2006; Chou et al, 2005). However, for an 
extensive use in the commercial applications pure and doped ZnO films must be prepared 
at much lower substrate temperatures. Therefore, it is necessary to develop a low-
temperature deposition technology for the growth of ZnO films. Many works are seen in the 
low temperature growth of this interesting ZnO system both undoped and metal doped 
(Tang et al, 1998, Cracium et al, 1994; Gorla et al, 1999; Kotlyarchuk et al, 2005) thin films 
and nano thin films. Advantages are effectiveness and simplicity of the deposition 
equipment, high deposition rates, wide spectrum of deposition parameters for the control 
and the optimization of film properties, and film thickness. The sum of all these special 
features enables the growth of oxide thin films at low temperature substrates with perfect 
crystallinity. The present work is a preparation and characterization of undoped ZnO, Sr- 
doped ZnO (SZO) and Al- doped ZnO (AZO) thin films by chemical deposition technique. 
In which the influence of solution concentration, solution pH value, film thickness, 
annealing temperature and concentration of strontium and aluminium atoms of the grown 
films are investigated. In addition it demonstrates that any dopant can be used in principle 
along with the precursor to enable them to be included in the system. The technique can be 
tuned to get the desired morphology and nanocrystallites of desired sizes distributed over 
any type of substrate for various applications.  
 
2. Substrate and its preparation 
Thin film requires a substrate to support itself. The substrate provides the necessary 
mechanical strength and rigidity needed for the film and it has adequate thermal ability to 
ensure at room temperature and withstand at high temperature. The function of the 
substrate is to provide the base on to which the thin film circuits are fabricated and various 
thin film multilayers are deposited. To form the thin film with defined electrical parameters, 
the substrates must be smooth and flat otherwise electrical and optical properties may be 
affected. Therefore in choosing a suitable substrate, in addition to considering the need to 
provide the mechanical support to the deposits, due consideration must be given to the 
possible influence of the substrates on the properties of the deposits. Commonly used 
substrate materials for polycrystalline thin film circuits include alumina, glass, silicon and 
metals, beryllium oxide based ceramic, aluminium nitride. When the films are deposited 
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deposition using a sodium zincate bath on glass substrates has been reported by 
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possible influence of the substrates on the properties of the deposits. Commonly used 
substrate materials for polycrystalline thin film circuits include alumina, glass, silicon and 
metals, beryllium oxide based ceramic, aluminium nitride. When the films are deposited 
www.intechopen.com
Nanocrystals34
 
into glass, electrical and optical measurements are not disturbed by an underlying layer and 
are thus easier to interpret. Of all these, glass is found to posses all the requirements and is 
economically and widely used. However any type of substrate may be used in this simple 
growth method. Substrate cleaning in thin film technology is an important step prior to 
deposition. It is necessary to remove the contaminants that would otherwise affect the 
properties of the film. Cleaning involves the removal of contaminants without damage to 
the substrate. While cleaning, the bond between the substrates is broken and contaminants 
are set free from the substrates. The properties that can be affected by the presence of 
contaminants include morphology, nucleation electronic properties and the substrate film 
interface. Expected contaminants include fingerprints, dust, oil, and lint particles. The 
proper cleaning technique depends on the nature of the substrate and nature of the 
contaminants. The composition, physical properties such as porosity, thermal expansion, 
melting point, conductivity and chemistry of the substrate should be carefully considered in 
designing the cleaning operation. The energy required to break those bond could be 
supported by chemical, salvation, thermal (or) mechanical process. As the other techniques 
this technique also involves rigorous cleaning of the substrates. 
 
3. Growth of nanocrystallites of undoped and doped ZnO   
Experimental  
A schematic diagram of the shape-selective synthesis of doped  and undoped metal oxide 
nanostructures via double dip technique is shown in Fig. 1. Preparation of undoped and 
doped ZnO nano thin films ZnO thin films were performed using a two-step chemical bath 
deposition technique using a solution comprising of high purity zinc sulphate, magnesium 
sulphate and sodium hydroxide with a pH value of 9 as first step and a dip in hot water 
kept near boiling point as the second step. Before deposition, the glass substrates were 
cleaned by chromic acid followed by cleaning with acetone. The well-cleaned substrates 
were immersed in the chemical bath for a known standardized time followed by immersion 
in hot water for the same time for hydrogenation.  
 
Possible formation mechanism 
 
The process of solution dip (step 1) followed by hot water dipping (step 2) is repeated for 
known number of times. According to the following equation, the complex layer deposited 
on the substrate during the dipping in sodium zincate bath will be decomposed to ZnO due 
to subsequent dipping in hot water. The proposed reaction mechanism for undoped ZnO is 
according to the following equations   
 
ZnSO4+ 2 NaOH→ Na2ZnO2 + H2SO4 ↑....   (1)  
Na2ZnO2 + H2O→ ZnO + 2 NaOH .......   (2)   
 
Part of the ZnO so formed was deposited onto the substrate as a strongly adherent film and 
the remainder formed as a precipitate. The addition of Metal sulphate in the ratio of Zn: 
Metal as 100:1 in the first dip solution leads to the formation of MZO films. 
 
ZnO thin films were prepared using double dip technique shown in Fig. 1 by varying 
deposition parameters such as solvent medium, solution pH, concentrations, temperature, 
 
number of dippings, etc., The effect of these parameters are studied using various 
characterizations and the optimized deposition parameters are arrived for undoped ZnO thin 
films.  The ‘Al ‘and ‘Sr’ doping were carried out by adding the respective metallc salts in the 
solution bath at different proportions (Zn : M as 100 : 1 or 10 : 1 where M =’ Sr’  or ‘Al’. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic representation of solution dip technique 
 
Opimization of growth conditions 
Undoped, Strontium doped ZnO (SZO) and Aluminium doped ZnO (AZO) thin films are 
prepared by solution grown double dip technique. The films are annealed in air to improve 
the crystallinity and grain sizes. All the synthesized films are characterized for their 
structural, optical, surface morphology, surface roughness, compositional analysis, X-ray 
photoemission spectroscopy analysis and electrical properties. The doping of Strontium and 
Aluminium (0.1mM and 1mM) concentration thin films by solution grown double dip 
technique is performed and investigated. The salient features of various studies carried out 
and the important findings are presented in this chapter.  Zinc Oxide and doped (Sr and Al) 
thin films find interesting applications in the filed of gas sensor, solar cells, optoelectronic 
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devices etc., Aluminium doped Zinc Oxide thin films are more suitable for gas sensor 
applications owing to their band gap and stability.  This chapter describes widely the 
synthesis ZnO, Sr-doped ZnO (SZO) and Al-doped ZnO (AZO) thin films by solution grown 
double dip technique from aqueous solutions of ZnSO4. The films prepared are found to be 
compact and homogeneous. The deposition conditions are optimized to obtain uniform, thin 
films suitable for gas sensor applications.  The optimized deposition conditions to prepare 
ZnO films are  
 
Bath composition and deposition conditions 
 
Zinc Sulphate    : 0.1M 
Sodium hydroxide   : 0.2M 
Solution pH   : 9 ± 0.2 
Bath temperature   : 90ºC 
 
SZO and AZO thin films are prepared at various molarities (0.1mM and 1mM) under 
optimized condition to obtain uniform, thin film suitable for gas sensor applications.  The 
optimized deposition conditions to prepare SZO and AZO thin films are  
 
Bath composition and deposition conditions 
 
            Strontium doped Zinc oxide (SZO) thin films 
 
Zinc sulphate   : 0.1M 
Sodium hydroxide                  : 0.2M 
                            Strontium Sulphate                                  : 0.1mM and 1mM 
Solution pH    :  9 ± 0.2 
Hot water temperature  : 90º C 
 
Aluminium doped Zinc Oxide (AZO) thin films 
 
Zinc sulphate   : 0.1M 
Sodium hydroxide                  : 0.2M 
Aluminium Sulphate                 : 0.1mM and 1mM 
Solution pH                  : 9 ± 0.2 
Hot water temperature                 : 90º C 
 
The growth conditions have been optimized by us for various dopants including non 
metals. Several parameters involved in this technique offer wide range of selection of 
parameters. It is found that the films deposited at room temperature are found to be smooth 
and uniform and compatible with any physical or chemical techniques. 
 
4. The structure and morphology of the nanostructures 
To support the discussion on the optimization of growth conditions the SEM studies were 
carried out. The studies reveal that by altering the deposition conditions morphologies with 
minor variations can be obtained. Figure 2-4 shows the SEM micrographs of ZnO grown 
using double dip technique where 40, 80 and 100 respectively.  
 
It is observed that improving the number of dipping yields the better morphology films. It is 
observed that the film is quite uniform up to a thickness in the range of few microns with 
the variation in the range of 10 nm. While the grains of the film surfaces are uniformly in the 
average range of 300 nm, the surface seems to be formed by the stacking of different 
nanorods or cylindrical grains whose size varied from 20 to 500 nm. 
 
To support the discussion on the optimization of growth conditons the AFM studies were 
carried out. The studies reveal that by altering the deposition conditions morphologies with 
minor varitions can be obtained. Figures 5 (a - c) represents 3D AFM micrographs obtained 
for ZnO samples grown at room temperature under optimized conditions. It is observed 
that the stacking of different nanorods or tubular grains whose size varied from 20 to 500 
nm makes the samples topography. Adjusting the deposition parameters may control the 
size of the grains.  It is interesting that the morphology when further explored using 2D and 
3D analysis supported by SEM investigations that morphology is also due to the nearly 
spherical nano grains. 
 
Adjusting the deposition parameters gives a control on the growth of nanocrystallites with 
various sizes and shapes. It is interesting to know that the dip rate, interval between 
successive dippings, the variations in second dip bath, etc produces significant changes in 
the morphology inviting more number of researchers in this low cost nanocrystallites 
growth. For doping with other metals respective salts may be replaced in the place of 
aluminum sulphate. This method of growth facilitates fabricating excellent structures for 
future devices at low cost and low temperature. The technique is found to be highly 
reproducible and can be extended to large area and large scale fabrication systems.   
 
In summary, the synthesis and optimization of undoped and doped ZnO systems have been 
reported. The Morphological studies through AFM and SEM reveal’s excellent features 
associated with nanocrystallites of which the structure is made. The SEM reveals 
continuously stacked nanorods of diameter ranging from 20nm to few hundred nanometers. 
The AFM studies reveal the surface to be of minimum roughness composed of spherical and 
hexagonal shaped grains. They are uniformly distributed throughout the surface exhibiting 
the superiority of the films. Extensive characterizations on the structure, microstructure 
optical and electrical properties have been made and the exotic choice available in this 
simple method has paved way for the synthesis of many similar systems by our group like 
Fe, Mg and Mn doped ZnO thin films and other TCO systems like CdO, etc. Also the 
properties of these thin film nanocrystallites can be tailored to suit variety of applications 
like, phosphors, display panels, thermal conduction and opto electronic devices. The 
technique is easy for automation and anticorrosive coatings can be coated employing doped 
ZnO systems on to various mechanical spares. The potential of this technique is yet to be 
exploited in full by the industrial community. The crystallite shape and size control is also 
feasible in this excellent method. 
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devices etc., Aluminium doped Zinc Oxide thin films are more suitable for gas sensor 
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compact and homogeneous. The deposition conditions are optimized to obtain uniform, thin 
films suitable for gas sensor applications.  The optimized deposition conditions to prepare 
ZnO films are  
 
Bath composition and deposition conditions 
 
Zinc Sulphate    : 0.1M 
Sodium hydroxide   : 0.2M 
Solution pH   : 9 ± 0.2 
Bath temperature   : 90ºC 
 
SZO and AZO thin films are prepared at various molarities (0.1mM and 1mM) under 
optimized condition to obtain uniform, thin film suitable for gas sensor applications.  The 
optimized deposition conditions to prepare SZO and AZO thin films are  
 
Bath composition and deposition conditions 
 
            Strontium doped Zinc oxide (SZO) thin films 
 
Zinc sulphate   : 0.1M 
Sodium hydroxide                  : 0.2M 
                            Strontium Sulphate                                  : 0.1mM and 1mM 
Solution pH    :  9 ± 0.2 
Hot water temperature  : 90º C 
 
Aluminium doped Zinc Oxide (AZO) thin films 
 
Zinc sulphate   : 0.1M 
Sodium hydroxide                  : 0.2M 
Aluminium Sulphate                 : 0.1mM and 1mM 
Solution pH                  : 9 ± 0.2 
Hot water temperature                 : 90º C 
 
The growth conditions have been optimized by us for various dopants including non 
metals. Several parameters involved in this technique offer wide range of selection of 
parameters. It is found that the films deposited at room temperature are found to be smooth 
and uniform and compatible with any physical or chemical techniques. 
 
4. The structure and morphology of the nanostructures 
To support the discussion on the optimization of growth conditions the SEM studies were 
carried out. The studies reveal that by altering the deposition conditions morphologies with 
minor variations can be obtained. Figure 2-4 shows the SEM micrographs of ZnO grown 
using double dip technique where 40, 80 and 100 respectively.  
 
It is observed that improving the number of dipping yields the better morphology films. It is 
observed that the film is quite uniform up to a thickness in the range of few microns with 
the variation in the range of 10 nm. While the grains of the film surfaces are uniformly in the 
average range of 300 nm, the surface seems to be formed by the stacking of different 
nanorods or cylindrical grains whose size varied from 20 to 500 nm. 
 
To support the discussion on the optimization of growth conditons the AFM studies were 
carried out. The studies reveal that by altering the deposition conditions morphologies with 
minor varitions can be obtained. Figures 5 (a - c) represents 3D AFM micrographs obtained 
for ZnO samples grown at room temperature under optimized conditions. It is observed 
that the stacking of different nanorods or tubular grains whose size varied from 20 to 500 
nm makes the samples topography. Adjusting the deposition parameters may control the 
size of the grains.  It is interesting that the morphology when further explored using 2D and 
3D analysis supported by SEM investigations that morphology is also due to the nearly 
spherical nano grains. 
 
Adjusting the deposition parameters gives a control on the growth of nanocrystallites with 
various sizes and shapes. It is interesting to know that the dip rate, interval between 
successive dippings, the variations in second dip bath, etc produces significant changes in 
the morphology inviting more number of researchers in this low cost nanocrystallites 
growth. For doping with other metals respective salts may be replaced in the place of 
aluminum sulphate. This method of growth facilitates fabricating excellent structures for 
future devices at low cost and low temperature. The technique is found to be highly 
reproducible and can be extended to large area and large scale fabrication systems.   
 
In summary, the synthesis and optimization of undoped and doped ZnO systems have been 
reported. The Morphological studies through AFM and SEM reveal’s excellent features 
associated with nanocrystallites of which the structure is made. The SEM reveals 
continuously stacked nanorods of diameter ranging from 20nm to few hundred nanometers. 
The AFM studies reveal the surface to be of minimum roughness composed of spherical and 
hexagonal shaped grains. They are uniformly distributed throughout the surface exhibiting 
the superiority of the films. Extensive characterizations on the structure, microstructure 
optical and electrical properties have been made and the exotic choice available in this 
simple method has paved way for the synthesis of many similar systems by our group like 
Fe, Mg and Mn doped ZnO thin films and other TCO systems like CdO, etc. Also the 
properties of these thin film nanocrystallites can be tailored to suit variety of applications 
like, phosphors, display panels, thermal conduction and opto electronic devices. The 
technique is easy for automation and anticorrosive coatings can be coated employing doped 
ZnO systems on to various mechanical spares. The potential of this technique is yet to be 
exploited in full by the industrial community. The crystallite shape and size control is also 
feasible in this excellent method. 
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Fig. 2. Surface morphology on (a) pH =8, (b) pH =9 and (c) pH=10 of ZnO thin films. 
(a) 
(b) 
(c) 
 
(a) 
(b) 
Fig. 3. Surface morphology on (a) Al-doped (0.1mM), (b) Al-doped (1mM) ZnO thin films. 
 
www.intechopen.com
Growth of undoped and metal doped ZnO nanaostructures by solution growth 39
 
 
 
Fig. 2. Surface morphology on (a) pH =8, (b) pH =9 and (c) pH=10 of ZnO thin films. 
(a) 
(b) 
(c) 
 
(a) 
(b) 
Fig. 3. Surface morphology on (a) Al-doped (0.1mM), (b) Al-doped (1mM) ZnO thin films. 
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Fig. 4. Surface morphology on (a) Sr-doped  (0.1mM), (b) Sr-doped (1mM) ZnO thin films. 
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Fig. 5. (a-c) Shows 3D AFM micrographs obtained for ZnO, SZO and AZO samples grown at 
room temperature  under optimized conditions. 
(a) 
(b) 
(c) 
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Fig. 4. Surface morphology on (a) Sr-doped  (0.1mM), (b) Sr-doped (1mM) ZnO thin films. 
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Fig. 5. (a-c) Shows 3D AFM micrographs obtained for ZnO, SZO and AZO samples grown at 
room temperature  under optimized conditions. 
(a) 
(b) 
(c) 
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